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ABSTRACT' ^ ^ . 

The article discusses two interrelated aspects of 
computer education: the computer Ls potential for developing cognitive 
skills and ways in whidh the differential participation of males and 
females in computer experiences may lead to inequitable outcomes. The 
Assessing the Cognitive Consequences of Computer Environments for 
Learning Project (ACCCEL) has identified several aspects of computer 
environments which make it particularly cognitively demanding: the 
interactive^ cbmplix, and challenging nature of the envirbnttient ; the 
pricise feedback of information; 'and the possibility for multiple 
solutions. In addition^ higher cognitive skills can be fostered by 
certain types of educational software and commercial computer games 
which lend themselves to student adaptation and creativity. However, 
a gap exists between this educational promise of computers and the' 
reality of their use in the- classroom. A niimber of factors may 
account for this gap, anwng them teachers of awareness of 

computers^ potential for fostering cognitive skii^ _^ 

appropriate curriculum materials, and the r« of computers to 

programming and logic courses. This gap in turn contributes to the • 
potential for^ inequitaMe outcomes^ Fem^ represented in 

computer courses in high schools a fact which is 

attributed to both content and process of computer instruction. ; 
Equitable outcomes wiii be enhanced if* teachers tailor instruction to 
the needs of th^ learner, guiding exploration of the computer for 
female students. (LP) 
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Fbst-erihg Equitable Cdhsequehces -fram Computer Learn i nq Envi ronments 



JMarci a C, LI nn 



Computers play an increasingly cervtral role in our 
•sbci-ety. Lack b-f prb-ficiehcy in Using cdmputers and lack'a-f 
, /Fcnbwl edge abbut their capabilities can 'be a barrier to par- 
ticipatibh in many t echnbl bg i cal 1 y rtith -fields as well asi 

r ' 

for securing jobs in many intellectually and •financially 
rewardi hg careers. Computer learning eh vi rbhmeh ts also have 
. the potential -for enhancing many types ai cdghitiS'e skills 
that are rarely encountered in bther learning situations. 

* The *wel 1 -dbcumeh ted d i -f f ereht i al' par t i c i pat i on of jrales 
and females in computer learning eh vi r bhrnents could lead to 
corresponding d i -f -f erehces in cdghitive attainments and 
career access. In brfier- tb reverse this pbtehtial trend 'the 
quality of computer educetibh mUst be improved, especrially 
to ensure that learning ehvirbhmehts are tailored to differ- 
ehces among i nd-i vi dual s . Most immediately, steps must be 
taken tb ensure equitable piar t i c i piat i bh bf males and females 
in these envi rbhmeh ts . ^ . 

/ ■ 

This article describes the ways in which cdfTipubfer 
environments fbr learning have the pbtehtial for fostering 
cognitive -ski 1 Is for stUdehts. It also characterizes, 

the gap between the pbtehtial of computers in education and t 
the reality bf their use in classrbbms, documents differen- : 
tial* partici (3atioh of males and females in computer 



eicperi erices , describes two ^studies of how male«i arid females 
respbrid ;bo' computer ^earning en vi ronmen ts < ajid suggests 
future actions /to foster e;quitabie butcbmes from computer 

learning environments, . , ^- 

. _ . : A:^ „ ^ 

': Pot en t i al of Comp ute'r L ear ni nq Envi ronment s 

. ' . LSC. F oster i nq Gbqni t i ve 3 k ill 

The Assessing, the Cognitive Dbrisequences of Computer 
Environments for Learning ( ACeeEL) " prodedt doi ntl y_ conducted 
by the Lawrence Hall of Science at the University of Eali- 
fornia at Berkeley and the Far West Laboratory in San Frrin — 
Cisco is examining the potential of ^ computer environment^ 

for f ost er i ng, cogni t i ve understand i ng^ This NatioQril Insti- 

^ ■ • ■ ■ -* , ' ■ 

tute of Education funded project has begun to identify the 

specific features of the computer learning en vi ronnrient which 

foster higher , cogni t'i ve skills- ' 

Computer programming activities certainly have the 
potiintial for ^fostering probi^am solving skills such as: those 
emphasized in several recent repor^ which have called 
<r»:ttention to. the deplorable stat^ of science and mathematics 
education in the United States today- • The repbrt of ^ the 
National Commission on Excellence in Education, '*A Nation at 
Risk" states- a pressing need for educational reform to 
create a "learning society". Similarly y^ie National Science 
Board in a report entitled "Educating A-fitericans for the 21st 
Centurv" has called for the "new basics" or the thinking 
skill=5 required to cope with ra^id techno! og i ca3; and scien-- 



; * • ^ 4 - * : 

ti?ic ' advances. Both reports emjDhasize the need -For 
instruction vvhich ' Fosters fDrbblem solving^ prepiare^s learners 
to deal with naturally occurring pp'oblems^ and encourages • 
students to thi nk cr i tical t y • , Computer learning ehyirdh^ 
ment's have the potential ?or i rripar t i ng some of these impbr^ 
tant higher C^)gnitive skills. Equitable access to instruct 
tibn which footers:' such skills is, thus, clearly essential. 

' - : ^ . 

Computer Learning E n v i r on me n t s 

The ACCCEL project has identified sik features of the 
computer learning environment which make it particularly 
cognitively demanding, First^, the envirbnrnent is i n ter^c — 

' t-i ve . The cbmputer can respond, qui ckl y and informatively to , 

*_ ___ '__ 

the learner. Thus, individuals can try several possible 
nepsiir^ fb^ errors 'in their" programs and obtain immediate 
/-espbnses from the computer. In contrast, it . bften takes 

-L .__ • _ _ _ . tN. 

days or wee4::s _ to get responses to homework. Second, the. 
computer can provide preci se feedback e.g. infoP^mation about 
where the probiefS Solver has gone wrbng. TRis preci seness is 
reprodutibie^ providi-ng the same respbnse to all' learners. 
Thus^ learners are treated * equally, deceiving the same' 
response from t-he^ computer every t i me they gi ye the same 
input. Fourths the environment for learning computer skills 
is c dmpleK . ► The computer environment can strain the pr<i^ 
cessing capacity of the learner. Fifth, compiuters can pro^ 

(I ■ c 

vide iBarn'Grs with problems which have m u. 1 1 i p 1 e 5s bi. ut.i o ns ■ 
Thus,- sftudehts c-an write several programs to do the samG? 
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tasR: and' compare the ef f ecti yehe.ss of their programs. 
Sixths the cb/nputer ehvirbhmeht is c h^l 4 er^g in d , Computer 
learning ehvirbhmehts can motivate the learner to sol^/e com- 
pleK prbblen^s which might btherwise be bmitted frrdm the cur- 
ricUium. 

GH^ai n o£ C bqhi ti -ve C an &e q u e h c e ' 

■ - _ _ - - ■ - • - - X - ' • ' 

When the ^ix , •features bf cbmputer learning eh vi rdhme'h ts 

- - ■ _ - _ _ - _ - ' _\ _ 

Sre used fully^ the computer ehvirbhmeht can eventually 

foster higher cognitive sF::ills. Initially, students learn 

the -basic elements in a cbmputer ehy i rbhmeht , ^ heh they 

learn procedures^ ?or cdmbinipg thbse elements to solve prpb- 

lems. In so doing they have the pbtential of cbghitiVe gain. 

The AeeCEL project seeks tb idehtify the chain bf cognitive 

consequences necessary to achieve higher cbghitive skills. 

*. 

V _ _ _ ' ' _ ~ _ 

For: example?, the programming ehvirbhmeht is probably 
one of the most cbghitively dqrriahdihg cbmputer learning 
environments currently available. When students learn to 
program they learn the basic el emeht s such as the l:ahc4aage 
features of- the systerri and . they learn prbcedures for 
creatively combinTng' thbse language f eatures * i hto a plan 
which becomes _their program. In additibh^ when individuals 

CI " ' 

devise*plans for prograns, ihe^Vitably' thbse pi ahs are i hcdm^ 
plete or inaccurate. Students al^o learn procedures for 
'trouble, shooting, which involves di agnbsi hg . the prdblems 
with the'^r progr ams and devisina solutions tb thbse prbb- 
lems. eiearly, . program planning and trouble shbbting a^'-e 



' J.' ' ' . ' -.r - , 

. .. ... 'h ' . ^ 

hi gher . cagni t i ve skill s whi ch make prdgrammi rig demand i ng . 
Th^^ chain o-f cognitive consequences -from the prdgr ammi hg 
enviroriment includes the language -features as wel 1 as these 
higher cognitive skills-' ^ . . / 

* , ' • ■ i 

' . , t • 

• . - 1 

Higher cognitive ski^lls can alsd be -fdstered by certain 
types o-f edUcatidnal sd-ftware. Reirentjpy a -fev^^ pieces of edu~ 
cational sd-ftware have been developed whi«ch emphasize plan- 
ning ^nd trdUbls shdtdting. These- pieces d-f sd-ftware have 
elements analdgdUs td certain language features in program— 

i - 

ming which mUst •'be cdmbined in a plan td solve a prdbilem. 
As in prdgr ammi ng ,.' the plan is dften faulty and must be 

debugged^ One example df such ^dftware is Roc-4v's^ Bo ots 

_ _ _ _ _ _ _ _ _ 

frdrn the Learn^ing Cdmpany. In Roc4^y^ ' Bo^tr & the basic ele~ 

merits are Idgic gates: AND gates, OR gates and NOT gates. 

Students must cdmbine the Idgic gates and attach them td 

- - ■ - _ 6 _ - _ _ . _ _ _ . . 

shape and cdldr sensdrs in drder td build a machine. The 

_ ' " . 

machine examines a series df^dbjects, identifies thdse. which 

should be "kicked" by Roc-k>^ ' s Boot .i kicks the shapes it 

. » . _ .\ _ _ _ . _ . .1 

identifies an.d earns pdints..; Students heed td. build machines 

which will kick the cdrrect shapes. When they succeeds they 

get'. the max i mUm amdU;nt df pdints and Rdcky^ a raccddn, cdmes 

dUt and dances td reward them- As edUcatidnal software 

which requires planning and d'ebUgg i ng such as Rdc-k^y ' ^ ^ESEii: 

b^ecdmes avai 1 abl e , the 'pdtential df the cdfnpUter learning 

environment tc fdster hig*her cognitive skills will be 

^ . ■ ■ 

enhanced • ^ ' . * . 

■' ! - ' ■ 



" fcioiis i,n the Chai n of. So gn i t i ve Sonseciaences .. ; ' - ' 

^ ' ' «-■■*' _ .. 

_ _ _ _, _ * _ " _'_s__ * " 

"Entertainment Software and edacat itDnal game. sQf;^ware^ 
eac^: have the potential fostering cogniifcis'e' skills .-^^^fi^ 

the ab,i 1 i ty to d i sco.ve^r ' and^ test pi ans for probi em sol ^- 
tions. Although mach of tRis software' emphasizes primarily . 
eye-hand c'bbrdi nat i on-, somj^wnai/ faster Ipigher cognitive • > 
skill. Since females are: 1 ess ^ likely than males to use 
entertainment and game sof.twa're' they, may o,f ten miss tfie 
opportunity to devel.op,' skills from computer learning 
environments which uoul d ' f orr^ a" I ink i'h the chain of*'*, cogni- 
t i ve consequences. 



For maiTiy of these computer qames, student s d i scover -Or 
develop problem sg-lving procedures. Current books and ^rti- 

: • - - - - - * ... --. -i : 

■cles describe how-to plan solutions f^r aames such as. *Pa(zman 
or Jumpma ri ,(e;g. Ahl ?/. Staples, 1984); .-Expert players of 
games kuch as S^ac e Invaders can often provide ext^nsiv^ 
descriptions of their procedures. \ j ^ 

, / . - - _ : ■ 

Thes^ plan&' are acquired by ^'"^f^^ ^rror , by ^ 

observing N^xpert players, by .reading descriptions and By 

conceptual analysis of the game- The pt^ocess of discovering 

: . " . ' ■ . . . . .. __l \ / 

a plan for a complejj problem is a higher cognitive skill 

characteristic of problem salving which can . be seen as i 

.link in the chain of cogni ti ve canseq-uences der i ved from 

cbmjDuter envirdnments for learning. 

One example of such a plan comes from observing use of 



B - - . . 

Sea D raqdh , In Sea Bc^gc^^ th^pliyfr Quides a ship throuq^hv- 
a friaze-lifce cbUrse and shoots afe a variety ^.bf targets.' If 
the* ship either hits the wall oi the ma^e or dj^ts hit by 
' P»^9dedt i 1 es it returnsv to an earlier pSih-l in the «t1a.2e ^nd 
repeats tnat segment. One student' using. §e^ Dr^aH^OFV ini- 

ti.ally tried the obvious plan of gbirng.as far he cbul-d 

' ' . ^ . , • , ^. 

rntb' th'e mase,. but his scq're' was very.lbw. He bbserved that - 
his' score xn ' the fi'rst few minutes was prbcabr t i.bnatel 
t?figher than" his secure after he had jDlS^yed fbr a while.. The 
stucfe^t developed a plan: Re want almost tc the first^ bar-; 
rier in* the game anfj then hit thefwal 1 on purpose sb that he 



would be. sent ^ack to the beginning bf the game. By going 
^ thrQLLgh* one segment' agai*n and again ^ the student gained ^ 
higher score than any 'of his friends.; * 

, Besides developing' .plans 'which help them win games, 

students using cbmputers may change the game or test the 

•limits of the^ compu-ter * An e;:amfDle •* bf how students . can - 
change a game a\zc.\srr^(A using the Lawre^hc:^ Hall of Science 
software ent i tied What ' s- iji Vbur . L^trvcH ? Thi s ■ educati bhal 
activity asks ' vi-^itors tq) indicate>the fbbd that they ate^ 

- -fpr Icinch ancj' tells them about the cal, br i es Wi t ami ns^ 

' mi nervals, ^ and protein ' x:hey consLuned. Many - teenagers^ 

» " ____ _' 

interact ijTg^wi th What's iji Your tin eh ? have invented a game 

which €:ould be called "Pig Out," The. bbject bf tJie game is^ 

to enter a lunch with the most calo^-ies and with -the I'^ast 

food vaiaei- ' These . students, change the % learning ehvirdhment 

by going Beydnd the information qiven. ; ; 

: -r ■ ' •■• ■ ■ ' ■ 



-■ i . • . - 9 -• ■ . • .. : 

Wn examp)le of te'stihg the limits of- • the "^vi rdhmeh<t - ^ 
occLK'rred- with ; R^e4::V \s Boots. ^ In* R bckv ' s loots, Rocky the 
raccoon comes but to 'dance 'wben - students build -■5accessf ul ^ 
machines. ' This seems to bore ma,ny .students. One student . 
tried picking Rocky up with' the cursor-. This^ wor.kad- The 

• J-*. 

student then went and got the kni?e used -for cutt'^ng wires ^ 

' ^ _ ' ' ' r*' * ' ' ' 

»' apart i rvr Rockv/ s Bbot ^ and 'used the kni-fe to* "kill Rocky." 

Another student^ chagri.ned that ^'ocky woul d'^n9t ^stay o?f^ 

' ■ . ^ * 

screen af ter trying moved av^^ay by the cursor ^ but rather 

• k» - , . ■ • . > 

returned to dance 'after the^ ne;:t machine was constructed , 
tr i ed . unsuccessful ty to "hide" Rocky many rooms . away. 'By 
probing 't>\^ limits' of the gatme students gained understanding 
of the progra^m which controls the game. The game des^lop^r, 
' ^arren Rdbinette,' 'was surprised that students attempted to 
pick up Rbdky*- fl^ could not,, at first, predict, hqw the prb— 
grara would respond, clearly indicating that students were 

___ A ' 

t' going beyond the limits envisior^d for the game^ 

- i . I . 

Experiences such as those described above form links' in 

tPfe chain of cognitive corfsequences resulting from computer 

^ ^ .» I _^ 

en vi ronmen ts for 1 ear ni ng . Successful. studSnt^i di'scover 

_ _____ ._o \ 

plans for usio-g ententai nmecn t-i i ke computer tasks which go 
Beyond the information given. These pt'ans involve combining . 



known elements of the gam^e in new and innovative -ways. Stu- 
dents appear to discover plah^ for solving -these problems 

* using a process similar to that required to discover plans 

_ _L J' ___ 

•while using geomfetry proofs, or naturally • occurring .prob- 
lems. ' . ' . 



10 ^ - . ' 

***'.•' 

Students who develdjD plans .?br computer qames - ^l«3b 

. y •' • . ■" : • 

^could » potentially 1 earn sbfhethi ng about the nature • com- 
puters and the. naturte o^ the 'programs written to- guide cbm-^ 
putersi- For example', 1' n\ • i dent i ? y i ng peculiarities of 

software" like the atsilitry to pack Ltp l^lbcky with the . cursor | 

1 • _ _ ' - * - ■ \. _\\ ■ 

stud ents -recognize the structrure of .the unqjerlying program 

' _• ___ • ' - ' ( 

atnd may r^cJiize that programs can . have f eatures . which are 



|ot made explicit in the inst'ructions* ^ _ 



Students who deveioo thei.r own plans for games 'also 

J ,1 . . . . ■ V 



— *. 



learn-how ^o make the cdmputer environment more stimulating, 

L_ _. ' 1 *. . : ■ 

Th^se students l^arn that even fairly un;i nter est i ng programs 

can be. modified. They capitalize on the interactive and pre^' 

cise nature of "^he computer learning environment and change 

it to suit tpieir o^n interests. Tlius^ 'st ud.en ts 1 ea^n t hat 

I computers ar»e' potentially ir)tere = ting even when s'the /actual 

task they are required ^o do on-- theyomputer may seem dull. 



Another effec:t of *^i n ter act i bn wi t h computer entertain- 
mefspt ac-tiviti/es concerns' the opportunity tb qain self 

sT ' ' '• • : . , ■ . :, 

esteem. When stadertts develop new plans -for using computer 

/ - ^ . . . 



qame's, . they tend to get praise br admiratibh frbm their 

. ^ . • ^ ■ ' 

peers . in - add i t i on , ^ they ex per i ence success in get ting a 



high^scdre or solving, a particular puzzle. This ex peri enjie 
;may contribute to their assessment of their own competenc^e 
in working in 'a computer learning environment. The develop- 
ment of this competence may wel i generalize tb other '^Com^ 
pUter learning environments of a more B>C3,dBmic natur-is?. ' 



li 



• • •: • •: • . ; : ? * . . - 

' - 11 ■ ' * . ■ ' 

. ^; * ^ ^ ■ ■ ■ 'T" ; 

filthbuigh there is little evidence that students acquire 
FDrbblem solving skills in one environment which* they cafi use 
?br bther problems (e.g. Linri^j. in. press) ^ th^ cbiTiputer 
^hvirbhmeht may y^itimately help foster general' problem solv-^ 
i hg . ski 1 l^.>-^i rst , the computer environment -provides many 
oppor turp^ t i es to develop and test plans. The i nteractive 
nature o-F'' compilter learning al 1 bws /students to quickly dis*^ 



cover whether* ^thei-r plans.'work. In contrast, many school 



environments are slow to in-fbrm students abouis the accuracy 
of their plans. Second^ the "computer environment provides 
precise information which may help studenhs 'modify and 
improve t-heir plartsl^ The enact effect' of 'a given pTan can 

be observed and may^ pt'ovi de clues about which changes .would 

_ _ I. ■ _ " f _ _ 

make it work more ef f ecti vely . *Thi rd', the computer environ- 

men-t provided mul ti pi e* opportuni ties . to deverop qlans in 
different seibject mat ter ' areas . The experience of discover- 
ing plans for solving proble^ns in mayy different subject 

__: ' . ^ . : 

matter environments may cti t i matel y contr tbutt^ to a more gen- 
eral anderstc^ndi ng of planning. Repe'ated experiences 'and 
prs^ciicG with planning may help students separate general 
planning procedures from probl em speci f i c procedures^ : . 

- _ ~> ' •■ ^ 

'Researchers refer to general problem soi vi ng sk i 1 1 s as 



mecta-reasoini nq skills. These ^re; ski 1 1 s which guide idein- 



ti^fication of plans ?or solving , problems. The ^ompciter 



environment, ^allows stct^de^ts to devfse*plans for a range of 



- m / ' 

* ' " - - 

problems thereby Allowing students to develbp and test 
meta-reasoni ng ski 1 Isi Qne re'aSon that students rarely 



appear to develop meta-reasbni/Rg Say be that it is difficult 
.to separate the sub ject-;ma4:ter dependent aspect from the 
subject-matter independent aspect (Linn^ in press) i By-' prac- 
ticing in many' computer learning environments, students may 

gain these skills; • if experience in these environments is 

^ - ■ 

_ _ ^_ *__ _±_ • : • _ 

inequitably Sistributed, those who participate may Be better 

• * V ._ _. 

prepared for subsequent, learning in computer environments. 



The Sap - between Pr omi se and Real i t y i n 

-\- . : : / 

Computer bearh i ng Envi r onmen ts 

Despite theif potential utility, there is a severe gap 
between the promise of computers in educat t on^an^^^he real- 
ity of their_^se in classrooms (ti^nn S-t Fi sclj^ef^'^^i 983; Linn 
Stein, * 1984). This gap contributes to the difficulty of 

' _ _ _ _ J _ 'J _ ^ _ . _ _ _ _ * . 

•fostering higfier cognitive ;skills and of achieving equitable- 
outcomes fromf these environments.. Although, even some xntor- 
mai computer learning experiences can potentially. f,oster 
higher cognitive sRiii as described above, many students 

( : ■ . ; . , 

either fail to gain exposure to these environments or fail 
to benefit from themi to 'increase the ef f ecti>^er^ss of 
classroom computer learning programs, this* gap must be nar- 
rowed. • - 

There are a number of reasons f or the gap between p^rbm- 

• .- t. , • ^ 

i se and reality in' classroom computer 1 ear n i ng* enyi ronment s : 
Firsts researchers and educatbrs have not yet ibentified the 



•full pdtehtial o-f th^ computer, -for -Fostering CQgnitive- 
Skills- Second, curriculum materials have not been 

•developed to take -full advantage even o-f the identi-fi^d 

■_ - _ _ _____ ^ _ 

potential Q-f the cdmputer- Third, curriculcun materials 

; - J. 

Which -fosteV- cognitive skills t^rid ^to be in the subje.ct 

• » - \ - ... _ _ _ 

matter area b-f prbgramming, or logic, r'ather then, say, his- 

5- - - ' ' - 

tbry br biology. Fourth, due to lack d-f e-f-fective currica- 
1 ar materials,- many teachers must develop their awn activi- 
ties with -few resources and limited suppdrt -from their dis- 
tricts. Fi-fth^ te^acher prb-f essi dnal cievelppment progr.-ams 
have either nbt been develbped dr have ndt been e-f -f ecti vel y 
utilized in prepari r\g* teachers -fdr i ncdrpor at i ncj computers 
in their jDrbgrams. Sixth, researchers and j^ducaLors have 
nqt Tully idehti-fied how computer learning experiences can 
be tailored to the needs b-f a diverse student body. 

It 

The gap between the pbtential b-f c.dmpaters in education 

and the reality of their Use is cdmpdunded by a lack o-f 

/ - - - ' 

school-based planning -for cbmputer edUcatidn (Linn Z< Fish»r,/ 

1983). Planning -for cbmputer edUcatidn can be -frustrating, 
given the problems mentibned abbve- Some districts' choose 
to fdilow a ''buy now, plan later" apprdach , depl dsd. ng lim- 
ited resources primarily fbr hardware*, neqlecting planning^ 
software^ .and teacher prb-f essi bnal develdpmeht- As argued 

^ Vise where, allocating resources to planning may ultlmateriy 

..»_./. ... . . . _ 

result .in substantial/ bene-fit td schools (Linn Fisher, 

1983>. Unfortunately/ the limited available resources -for 

computer education/ sometimes -force schools to curtail 



necessary act i vi t i es , such as ' planning in order to make 
minimum hardware purchases. 

As a result d-f , this situation^ -few^ cdmput er-based 
courses -f ect i vel y -f dster *tlne h i gher cogn i t i ve skills wh i ch 
cowld be taught- For example, mUch programming instruction 
teaches the language -features but, not the planning required 
to put those features together. Although a -few students 
learn higher cognitive skills aUtOnOmOUsl y , the remainder 
probably -fail to gain these skills i -f they are not 
empihasized in. instruction. ^ 

The gap between promise and reality in computer educa- 
tion cdntribUtes to the pdtehtial -f^r i neqUi tabl e , dUtcdmes 
because only a relatively few students are served effec- 
tively. Gddd teaching can potentially benefit the least 
pirepiared students more than Others. Furthermdre, students 
with limited previous experience with cdmpUters and interest 

^ _____ _ L- _ ■_ _ . 

in computer .use are more likely td attempt and cdmplete a 

y 

well-taught class than a pddrl.y taught class. 

Par tri^ c ip at id l4 d£ Mai e & aFvd F^marl-e Sr in 
C Q ffi p u t G L^S c^rn x ^ h~^" n ^^^ .. r On^iTVfj n^ t^s^ 

. / 

More males than females participate in computer le-=i»^ti- 
ing envi rdnmehts. ' Furthermore, f emales. are po-3rly 
represented in courses which have the greatest potential for 
higher cognitive skill deVel dpmant - In California, females 
cdmprise 427. df the 51,431^ participants in high schoo.lr 



instruction .which invblves computers; when they do jDartici- 

« _ * ; 

pate^ ?emales are 86% o? the students in word processing 
courses and only 37"/. o? the students ^in programming courses. 
Thus^ ? emal es ^par t i ci pate more -Fre^aentiy in courses' which 
are. less likely to -Foster higher cognitive skills.- ' . 

The participation of males and -females in in-formal com- 
puter learning^ environments is similarly skewed. Only 26X 
of the 2693 students regi.stering for computer courses at the 
Lawrence Hail of Science over the last three years were 
females. Females comprised only 197^ of the studen^;|S in 
'intermediate BASiC compared to 34'X of the studert^ in an 
introductory course called "Micros f6r Micros." The -si'tuaT 
tion at computer camps, according to Hess and Muira (i983), 
echoes that found at the Lawrence Hail of Science: about 
30% ^of the students enrolling in the computer camps are 
females. Similarly^ Hespi and Mcura report that families are 
more likely to purchase computers for males than for females 
and to spend more money on computer purchases for male chil- 
dren .than for female children. 

The trend continues through colle'ge, females are less 

o 

likelN to earn degrees in computrer science than are mci.les- 
in 19B1 females earned 32.5% of the bachelor's degrees and 
23% of the masters' degrees in computer sci enc^^ fv'etter , 
1983). >At the LJnive-rsity of California at Berkeley 
currently about 37% .of the computer science majors are 
f emal es . Thps , f emai e participati on at the coil ege 1 evel i n 

16 
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cognitnt veiy "demanding computer learnihg eh vi rdnmehts 
corresponds to part i ci pat ion at 1 ower grade 1 evel s. 

Ineqcti table participation in cdmpUter 1 earhi hg * ehvi rbh- 
ments by soci q— eqonomi c status CSES) is also evident in sur— . 

vey data. Schools o-f 1 oiy SES which are predbmi hah 1 1 y- white 

^ _ ■ .. ^ , ■ 

ar.^ about hal-f as likely as high SES schools to have micro- 
computers (Becker , 1 983) . Si mi 1 ar 1 y , schbbl s wi th fDredbm- 
inantly minority populatibhs are about half as likely to 
have computers as ^ are piVeddmi haht 1 y whiti high SES schbdls. 
Low SES and mi.hdrity schddls, thus, b-f -f er^'T.e^s par ti ci pjati bh 
in computer learhihg envi rbhmehts. Presumably 'the pjatterh 
o-f di -f -f ereht i al participation, between males ahd -f emal es. cbh- 
tinues to prevail ih these en vi rbhmehts , ^^meahing that low 
SES wdmeh are very ^ unlikely to get e^^fDbsure to cbmpjuter 
learhihg eh vi rdhmeh t s . 

It is evident that ^ the inequitable fDarticipatioh in 
computer learhing ehvirdhmehts has the pbtehtial b-f ihcreas— 
ing the* individual' di -f -f erehces ambhg childreh. Students 
exposed to computer learhihg ehvirdhmehts have the bppbrtuh— 
ity o-f gaihihg higher cdghi"lliVe skills hot, available tb 
their peers. 

Three cDnsequehces d-f inequitable participation in com*- - 
puter learning envi rdnmehts deserve m^ntidh. First, socie- 
tal productivity may be hampered because ihdi/iduals are hdt 
trained to their -full pdtehtiai. Empldyees may be -fdrced td 
hi re under-quari -f i ed wdrkers because the . mbst talehted 



students were not trained. Second , i nd^i vi dual satisf actidfl 

; f 

may be curtai 1 ed because potential jpb-related , success and 
financial bene-Fits ^are jnot c^rhi-Bvedi Careers* in computer- 
s-elated -F i el ds: tend to< have hi^h salaries (Vetter, 1983) and 
^ can o-F-Fer pro-F^essi onal sati s-Fact i on. . Lack d-F equitable 



access to training makes these bene-Fits unavai 1 abl e to some 
deserving learners. Third^ the- underrepresentat i on d-F 
-Females in computer-related -Fields, «iay inhibixt the in-Flu- 
ence o-F the«-Female perspective described by Gilligan (1983). 

Thi;S perspective could potentially respond td czdhcerns that 

/ W ' 

computer envi fconments dehumanize society. 



Factors cQptributina to d i-F-F erervfei^]^ 
par ti ^ pati on in c omputer learninQ .erMy>^i^ ^ni7^r^ts 

( ~ . • ^ n^. ' ' • 

Hypotheses to explain the di-F-Fer^ntial part ici pat idn df 

males and females in cdmputer learning envirdhmehts 

_. ._ • %Jt. , ^. . / ..V '_ 

emphasize botln content and prd&e's*s features. Cdh'bent 



features include the reliance bn mathematics and science— 

__ . _ ^' _ . . _ . ' . . . 

related information in mu<jh. cdmputer software and the use df 



violent themes in many computer games. Process features* 
include the precise, interactive nature. df the eny i rdnment . - 

C ontent f eatures * - 

0 

Much ha« been written about hdw the cdntent features df 
computer ''environments discdurage part i ci pat i dn of females, 
(eig. Lockh^eed and Frakt, in 'pre^ss; Sheingdld, Kane and 
En'dreweit, 1983). For exam|^l^, Lepper Maldne (1983) have 



shown that.,^the vioient themes o-f many sn ter tai nmen t-or i en t ed 

^ ■ * V - 

computer games tend to appeal to males more than -Femal^. 

Gompctter companies target their advertising ;*to males (who 
comprise 98% o-F the .purchasers o-F computerB)' '^'there'h^ charac- 
terizing computing as a male domain. Lepp'er (in press) ribtes 
t&at mathematics ; and - sci ence content characterize much b-f 
the available educational so-Ftware. : Since scienti-Fic- prob- 
lem solving is perceived as a male domain^ it may not be an 
objective o-F -Females^ to master that envirbnmeht. In addi- 
tion^ societal eKpectatidns tend to encburage males but not 
-Females to part i ci pate i n scienti-Fic activities. 

Changing the content -Featured d-F a cbitiputer learning 
^renvi ronment can in-Fluence parti cipatibri, - Fc^ e>;ample, 
Burger (1982-) investigated the e-F-Fect b-F science content 
versus art' content on the par t i ci pat i bn bf males and .-Females 
in computer l^arni^ng. He compared sb-Ftware which taught 
controlling variables using ^ci ent i -F i c /:bn ten t tb sb-f tware 
which . taught controlling variables using artistic cbnteht. 
.'Both programs emphasized the same. -Fundamental cnncept. He 
found that males were much more likely than -Females tb 
interact with the screnti-ric content prbgram but that males 
and -Females were equally likely to interact with the artis- 
tic corttent program. When par ti t i pat i on of males and 
-Females was equal, the cognitive outcomes -for the groups did 
not di-F-Fer . 

» •> 
Thus, the content -Features of some computer environ^ 



rnent-s evi-dentiy tend ta dissuade -females from participating. 

ehanging cont^t -features can help. At times,^sUch changes 

wi i i in-fluence the nature a-f the dutcdme, Fdr example, i 

the Burger (-1982) study, if studerits needed to learn the- 
.. ^ ' * 

variables, in the scienti-fic cdhditidh, males would have ah 
advantage' not remedied by changing the subject matter cbh-' 

tent D-f the program (e^g- .Lirin, 1983). Changing the cbhteht 

• - • - - -■ V _ - - 

^-feature's o-f a camputer ehvirdhmeht may hdt be ^uf-ficierit )tb 

achieve'* equi table part i c i pat i on ^-f males and -females. o " • 



Procefes fg^tjjres 

^ :. • 

The Assessing the Cognitive Cbhs^quehces -for Cbmputer 
Envirdhmehts -for Learning Pr'dject has cbhducted two studies 
e;<amihihg the prdcesses which characterize resfDbhses. of 
males and females to cdghitively demahdihg prbgrammi hg?-! i ke 
software. Mandinach N^hd C^roo ?1984) . have studied the 
' Wumpus tasf<. Burbules and Reese ri983) have studied the- 
Rocky ' s B^dts task. ^ * • 

These studies invdlv/ed envirdhmehts which require the 

ttxgher cbghitive skills df planning and trbuble shddtihg as 

_ _' ■ ■_ _ 

described abds^e, and thus, tfeke advahtaige df .the pbtehtial 

cognitive consequences frdm computer ^ learning. These 

■ _ . - - 

ef^ VI r dhmeh ts require prbblem sblvihg processes cdmmbh in 

other types of Scientific problem sdlvihg. Stubehts must 

learn- a fairly cdhstr ai h't-1 adeh system aj^d then manipulate 

the' language features/ df the system .td sdlve the. prdblems. 

.In solving mechanics pndblems in physics fdr example, one 



* • ! - ■ 

/ J _ 

learns some concepts^ 5ome formciias for ccDmbining those coh~ 
cepts'^ and then one is required to plan combi riati gg^s o? the 
concepts in order to solve complex problems (e.g. Larking 
McDermott, Simon, and Simon, 1981). Some computer .learning 
environments have important similarities with scientific 
problem salving environments. As mentioned above, it is 



precisely the close resemblance of these learning environ- 
,mehts'to mathematics and science ^r'oblem solving environ*- 



mehts that may contribute to the lack of participation of 

females. v *v 

c 

- - % 
W u rtip Li & 

' S ■ 

W urn PUS is a computer based strategy game; in |A) ampus the 
problem solver searches through twenty rooms each connected 
to three other rooms. There are multiple paths to each. room, 
the player must 'locate the room which has the Wumpus in it. 
and -shoot the Mumpus with _^n arrow, if th-e player enters a 
room wi'th the Wumpus in it or with a pit in it^ the player 
will be Miilled. If the p'layer enters a room with bats in it * 
(s>he will be picked up by the bats and moved to e different 
room Which could be a room with a pit in it; The player 
receives hints* about the* ad jacent rooms; if there is a pit 
in any adjacent room the hint is i feel a Sraft,-': If there • 
are bats. , in any adjacent rooms the hint*" is "I hear flap- : 
ping^" there is a Wpmpus within two rooms of the room; 

the hint is "I smell a Wampus . " The. player must travel from 
rodm to room picking up hints until there' is enough ihfdrma- 



tic>n. to -f if are oLlt where, the Wumpus is. Them the player can 
try to shoot the Wympus with ah arrow. Mumou. - is a game o-f 
both strategy and luck. Even the best stratc^^y does not 
always prevent the player -from being kil,led. Scmetimes the 
best strategy i.s to enter a rdom even though it might have 
bati in it. fit other time€, the bestv^strategy is to gather 
more i h-f ormat i dh . Success-fUl Wumpus players need to combine 
ciu^ibh with a wi 11 i hghess to take rl'sks.* At the beginning 
b-f €tie game cautidh i s . i mportaht . A-fter the game has been 
fDl a>''edl -f or a while, it may .sdmet i mes ba necessary to take a 
risk in order *tb g^in mbre i h-f drmat i dh « At that paint a 

judicibUs risk is the bjest strategy. Learhei^s who succeed 

_ / 

at the game discbver when they ,shdUl d . take riskssahd wHen 

' .- • - . 

they^ shbuld gather mbre • in-f brmat i'dh . Learners who t^e 

unnecessary risks * tehd tb get -trilled ih the early parts o-^ 
the game. Those who are extremeiy cautious^ tend to mak^ 
redundant moves. At least ih sdm© i mpl emehtat i ons , a stu- 
dent, cbuld ^tay alive by rtibvihg b^ck ahd -fortK between two 
sa-fe rbbms almbst •fbi7ever. 

Irr the WU mpUs study, 48 (24 male ^nd 24 -female) 
volunteer juhibr.high studen-ts parti ci pated . i n -four instrac- 
tidhai sessibhs and then received post-tests. Students were 
assigned t,6 either ah activatidh condition or a modeling 
cbndi ti bh. In both cdhdi ti dhs\, students were encouraged to 
record the rooms they visi'ted to reduce the memory load 
needed "tb keep .track b-f what 'Was gdihg on. In the activation 
cbhjditibh,. a. discbvery lear^ligg mode prev^ailed. Student^ 



. . : % . J ^ _ _ . V - I 

interacted with UJampas with little intervenAiian -from the 

QKperi Center the modeling condition, students wer^ given 



e>;piicit i nst rac t i one . Students were encouraged to be cau- 

tious, to consider .whether known " ri sks ought to be taken, 

and to sf^ek al terhatl ve ^ sdluti ons. The students were 

encouraged to -find another .path rather 'than exjDl bring rooms 

. which, mi.qht have bats or' pits.' As wij,l be clear belbw^ 

alttjough these instru^ions, were hel p-f ul , there 'are d^wr 

bacKS'in encouragi ng * autidn withdu^t alsd*" ^ , encburagi ng stu- ' 

dents to take necessary^ ri^ks. The Wumfia^ s^tudy included 

cHre-fai observation d-f prdce^ses stLidehts us'sd tb ' interact 

with the computer, recdr(^.ing d^ verbalizations, recbrding o-f 

^students predictions concerning the sUcci^ss d-f their ne^t 

, - , * • _ ) 

move^ and admi n i strat i on d-f attr^ibutidn measu>*es. ^ Tlie study 

is reported in greater detail in MandinacK artd Cbrnd (1984):^ 
R ocky* ' s B oots ^ ' ' :» . 



The Rocky * s Boots study involved the part i ci pat i bh b-f 7 

---- - - - - - - - X - . ___ . . . * ' 

volunteer junior high aged students in S 40-mi nute, sessi dhs 

__ __ ■ 

with Rocky; s Bigots. Since having students talk about V their 

■problem .solving while solvi.ng prdbl ems* tends * td create? an 

dn-f ormat i on overload -for the problem solver, stud^nt-s ' were^' 

■__ . . . . • _ _ 

observed, and then^ asked *-,ta^ comment on their perf drftlance. ^ 

Be-fore students tr i ed out machi nes -for ejrampl e*, they were 

N • • , 

asked to predict whether the machi ne ' woui d work arid to cdm^ 

meht on* the processes that they used -for construct inq the 

, * - " _ _ _ .* _ .. _ ' ' . . .^ . . . 

machine. This was : an ♦ ewp J; orator y studyi * Verbal prbtccrtls 



'ware* tap^ recorded and the experimenters took notes on th^* 



per-Fbrmance of i niJi vi dual students; Results -from the study 
ar-e indicative o-f trends *but cannot be viewed as statisti- 
cally significant since there were only -four male and thr^ee 
-female, part ici pants i ^ ' _ 

«_ _ _ 

Fottr consistent differences in the processes used by 

males ' and^temaies emerqed in these two studies* Each of 

-t . _ _■ ; 

these diffepences -poaid be attributed to the previ ousl y 



documenrted differential, experience in computer learning 

_.. . . __■ __ ^ " . . 

. envi ronmen ts it^etween males and females. 

Boi n q Beyond the I nf or mati o n &i ven .-^ 

Boys were more likely than girls, Nhan part i ci pa-Jji ng in 

. _ < - ' - 

__r-: __ . • * „ _ . 

these computer learning -environments^ to go beyond the 

- ♦ 

_ _■ jS- « ^_ 

information given ^i n the learning en vi ronmen t . . as described 

— _ _ . _. . _ — . — _^_ — _ . _ .. ... 

above, \students using Rocky ' q Boot s had a tendency to pick 



up Rocky and' carry him around. Bays were f .ir more likely 
than girTs^o^'^o beyond the information given in picking up 
Rocky and in testing other limits of the Roc ky ' s Bo\)ts game. 



For Ve>; ample, boys wei':^e more likely than girls to experiment 



with stopping and starting the machines or with ir'^king 
modifications to th^ machines while 'thfey were r^;^nningi 

• V 

in Wunpus 4 n^ales- were also more likely than females* to 

^_ __■ ' ^ __ 

go beyond the i pf ormati on gi yen , as illustrated by response 

tb the model i ng ""condj ti on . Females i mprciirv^a,pl in * response to 

• _ . 1 : t _• _ 

the modeling condition for the first three sessions and then 



per-Formed considerably less well in the -foctrth . session- 

^. : : ^^^.^^^ ; / 

Females' decline in per-For mjy|^ce in the -Foarth /^session can be 
specifically attributed to tKeir increasing tendency to make 

\ " ,_ \ o _. 

redundant moves rather than to take ne<rpssary trisks. 

Females appeared to be conscientiously^ /followinq the 

] sy ' 

instrcictic|gs to proceed with caution bvc making redundant, 
moves. In 'contrast, the males seemed to be p able to go 
b.eyond the in-Formation in the modeling instructions- and to 
assume necessary risks at appropn^iate times'. 



Students who go beyond the in-Formation given learn why 
the rules work, i-F indeed the rules do work. • It seems rea-~ 
sonable to assume that individual^ need to have some under— 

. ^ * __ L. . \ 

.standings o-F the learning environment be-Fore th^y' are ready 
to go beyond the i n-F or mat i on ^. giy^n.: These di -F-Ferent i al 



responses to Uiumpus may re-Flect previous di-F-Ferentr"al 
experiences with other constraint-laden learning environ- 
ments. Ultimately in constrai nt-1 aden . envi r onments , it is 
necessary to take risks in' order to -find out 'what is going 
on. . Females may be less willing to take risks than males 
(e.g: d*e Benedictis, Del ucch i , ; Harr i s , tinn, and Stage, in 
press ) . * 



E?<pectati ons Abou t P er-F or mance 



Males are more realistic than * -females ^ in predrcti'ng 
their own success and ^^aildre in computer 1 ear n i n;g en vi ron-* 
ments. in F^ock v ' s Boots . ' maLes w^re more . likely than 
-F'^'Dales to accurately predict whether their mitchines would 



wqrk a-f ter they had constructed theoK ' 

't . ' / 

males -failed to make 'accurate predictibris about the -success 



Furthermore , when 



or -failure o-f. their machines they tended to be ojDt iini sti c. 

• . - . - • '• . ' 

Mai es • : tende^ to predict. ^^t their mach i nes wolU d ' wor k when 

in -fact- their machined did not work. In contrast^, when 

-females -failed*. to. accurately predict whether or *nbt their 

machines would work ^; they tended to be pessimistic. Females 

tended to predict that theiP machines would riot work. In* 

resp-pnding to Rocky ' s Boots, -fe^iaies were ?ar more likely 

v" "T- v^' *__ ^' _ 

.than males .- to make <^erbai comments^, sLi&h , as "I'm stupid^ I 

don't undei^tand this," or I, dori 't know anything about . c^jfe- 

i '11 never be cr- able to . dQ this, " or "T can 't do 



s; 



thi's." Thysl -females were less accurate in predicting .thei_r 
success in the environment and in general, expected .that 
* thev^^v^duld n-ot do very well. Both the lack o? accuracy and 

■ ^ - . T ^ • \ - 

the pessimism on the part o-f [females in the Rg^^'& Boots 
ehvirdnment may r:e-flect lack o-f experience with this ,sdrt of 
arh ..eh vi rdnitisnt . . ^ i ' - 

- Iri Wumpus , ^similar results were found. Boysjwere more^ 
realistic than giT-ls : in predicting success in the game. 
Si:-ity-four perdent of ,,the time tioys accurately predicted thp^ 
outcome of their game cbr^pared' to fifty^thr^e^ fDercent ^f- the 
..time, for girls. ' Consistent with' the findings for Rggitiv's" 



s , * girls 'were inaccurate 



percent of the time, whereas bays were 'i naccurate and l-pes- 



\" simistic ''"onl y . t.hi rteen •p^rcs.ent 
opt i mi St i c ' but ^i n accurate abou 



and pessimistic twehty^three 



o-iF the time. • Each grbup was 
fifteen percent ^f the -time 



and -between seven and ten pGrrzeht b+ this timie each group was 
uriat^le to piredict the butcbme of the game. 

Females were less successful on Ufu mpUs - and they, in 
general, had less previous experience wi th envi rdnm^n ts 
similar to Wumpu s. Thus ^ males' more realistic expectatidns 
about their success and failure in both Wumpus and R dc^ky ' s 
Boot s may well reflect greater experience with these sorts 
of environments. 

Attributions of. Success and Fa i 1 ur^ 

In maki ng attr i but i ons for success and f ai 1 Lire in com- 
pu^ter learninq environments, boys have a clearer understand- 
ing^of their own role in the situation than do girls. Boys 
are *more- likely to attribute success and failure to the 
presence of lack of an appropriate strategy for the problem, 
while girls are more likely to attribute success and failure 
to their own ability^ In Rocky Bbbt-s^ ^ bbys: ' wer« more 
likely than girls to explain the specific reasons why the 
machine had failed and to attribute the failure of. the 
machine to the lack of a specific strategy. Girls were more 
likely to attribute f^ailure of the machine to persbnal lack 

c . ■ • . " 

of competence, ^ ' 

in jAj grnpus , questionnaire respbhses and bbservatibns of 
at tr i but i 'on patterhs were available. Bbth bbys and girls 
responded to a questionnaire about their, attributibns of 
success and faiictre in computer learning experiences- On 
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the questibnriaire, boys were more likely than girls to 
a^ttribute success or -faitUre to using a '*good" strategy 
while girls attributed success and -failure to general abil- 
ity and to task d i -f -f i cul ty . While playing W umpas , -forty 
percent b-F the boys and bnl y ei ghteen percent o-f the girls'" 
^made attributibns abbut their success. Boys demonstrated 
their increased understanding of the environment by attri- 
buting their success -first tb task di-f-ficulty and then to 
strategy. In contrast* girls attributed most o-f their suc- 
cess*" to YWok and fai\ed tb cbnsider the role d-f strategy. 
Task difficulty* is certainly a cbmpbnent of ruck, however, 
girls tended 'to lump task difficulty and other components of 
luck together, while boys differentiated these features of 
the situation. ^ 

Thus, in ^attributions fbr success and failure in com- 
puter 1 earni ng; fen vi ronment s , boys seem to seek explanations 
for their performance while gl^rls seem to seek excuses. 
ThTis situation' could stem from bbys greater experience with 
computer learning en vi ronmen ts and other similar ens'iron- 
ments- * 

Help s eek i nq 

Girls were more likely than bbys tb seek help in com- 
puter learning environments. In lAfe mpurS i' and in Rocky ^ s 
Boot s., the girls were more likely than the tadS's to ask the 
experimenters ?or assistance arid t.b ask for. approval o-f. 
their acticDns. Di f f Wrenti al- help seeking cdLild reflect 
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di -f f ereht i al experience with the computer learning ehvirbh- 
merit (girls may heed more help). It could also ra-flect di-f- 
■ferehtial expectations about the khbv^ledge level b-f the 
ex per i men ter s . Perhaps girls are mbr e likely than bcf/s to 
believe that jper i men ters and other jDeople in positions ai 
authbrity have ih-fbrmatibh which they can use. 

In summary^ a variety b-F evidence concerning the 

prbcesses used by males and females in computer environments 

1 _ _ i_ _ I • 

suggests that females are earlier ph'-' the learning curve, as 
a group ^ than males. Of course * these group differences are 
not characteristic of each individual male and- female. In 
both the Roc kv ' s« . Boot s and the Wumpus^ study * there were 
exceptional females who scored :as wel 1 as or better than all 
the males. As a group however , females used processes which, 
reflected less experierica and less facility in ihteracti.hg 
witK the environment. 

Cbric 1 usi bns 

** * 
The inequitable participation of males and females ih^ 

computer learning ehvirbhmehts may well cbhtribute tb dif- 
ferential ach i evemeh t . of the problem solving skills which 
have been labeled the "new basics" by the Natibhal Science 
Board when callin<| for reform in mathematics and science 
education. 

Differential participation bf males and females in even 
relatively cognitively uhdemandiing learning environments 
such as computer entertainment games can potentially 
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contribute to dif -f erentiai response in other en vi ronmentsi 
I'^emales may be dissuaded from participation in entertainment 
or recreational computer learning because they find thiB con- 
tent features of many computer games unappealing. Differen- 
tial response to the^ content of computer entertainment games 
• may contribute to differential success in .cognitively 
demanding computer learning en vi r onfi^n t s becaUr:^e these games 
may foster skills which become pert of the chain of cogni- 
tive consequences from computer' leaning environments. Cdg- 
nitively demand i ng . computer learning v en vi r onments such as 
Rocky 's Boots -and pragramming have the potential to f oster 
higher cognitive skills. Females may come to these envlrdn— 
ments with less relevant e;<peri'ence than males and may, 
therefore, require more effective instruction . to benefit 
equally. 

"* ■ - X " — 

Ail- student's benefit from effective iristructidh. 
Females may have a greater dppdrtuindty than males df bene- 
fiting frorrf effective instructidn in cdmputer learning 

environments because they are . mdre likely td need and to 

J ■ 

f I . • _ . _ 

seek help. Females may need mdre instruct i,dK abdut how to 

taM:e advantage of these envi r7dnmehts. Otherwise they may 

continue ta make excuses rather than td seek e:ip 1 anat i dhs , 

and ta follow the instructions rather than td^est the 1 i m- 

its of the environment. Thus, equity in cdmput&r learning 

can be enhanced by nar r dwi ng the gap between the pr dmi se df 

computers' in education and the • reality df their use in 

classrooms; , 
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Since males ^and -females do respond d i -f -f eren 1 1 v to cbm- 

. _ ' ^ . . . . i_ .. .. .. ^_ .._ 

puter learning environments^ equitable butcbmes *-ft)r the' 

sex es will be enhanced i -f teachers tai 1 or i nstruct i oH to the 
needs b-f each learner. Females more than males may respbnd 
tb e»K pi i ci t i nstruct i on • As noted -f or Wumpu^s hbwever ^ 
•females appear tb be rjibre lifeely than males tb -fbllow 
instructibns compl etel y--even when -fol lowing the instruc- 
tions becomes counter-^prbducti ve« Thus^ explicit- instrucj^ t 
tibns must- be carefully designed. Alternatively^ si nee - 

females lacf:: previbus • experience with cbmputer learning 

I, 

environments, they may benefit -from guided expl oration which 
encourages them to experiment with going beydnd the informa- ^ 
tion given rather than from explicit instruction. Research 
is needed to clarify how best to tailor computer' learning 
environment^: tb the needs of males and females. 
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